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(57) ABSTRACT

A mixer/evaporator or an exhaust system (5) of an internal
combustion engine (1), includes a carrier (20) surrounding, 1n
a circumierential direction, a flat cross section of a mixing/
evaporating device (12), through which exhaust gases flow
and which extends at a right angle to the axial direction (17).
The carrier has opposite side walls, wherein short side walls
(23, 24) connect each long side walls (21, 22) to one another.
Guide blades (25) project 1n a direction of the respective
opposite long side wall, are set at an angle 1n relation to the

axial direction and are arranged at one of the long side walls
at least one axial end (26, 27). An axial end of the first long
side walls 1s ofiset 1n the axial direction 1n relation to the axial
end of the second long side wall on the same side of the
mixing/evaporating device.

19 Claims, 8 Drawing Sheets
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EXHAUST SYSTEM WITH MIXING AND/OR
EVAPORATING DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority under 35
U.S.C. §119 of Grerman Patent Application DE 10 2012 016

423.8 filed Aug. 21, 2012, the entire contents of which are
incorporated herein by reference.

FIELD OF THE INVENTION

The present invention pertains to a mixing and/or evapo-
rating device for an exhaust system of an internal combustion
engine, especially of a motor vehicle. The present invention
pertains, in addition, to an exhaust system equipped with such

a mixer/evaporator.

BACKGROUND OF THE INVENTION

An exhaust system of an internal combustion engine 1s
usually equipped with means for cleaning and treating the
exhaust gases removed from the internal combustion engine.
It may be necessary in this connection to introduce a liqud
educt into the exhaust gas stream, to evaporate it 1n same and
to mix 1t with the exhaust gas. It may be necessary, for
example, to add a fuel to the exhaust gas upstream of an
oxidation catalytic converter in order to bring about an exo-
thermal reaction of the fuel 1n the oxidation catalytic con-
verter. The heated exhaust gas stream can then be used down-
stream of the oxidation catalytic converter to heat an
additional exhaust gas treatment means, for example, another
catalytic converter or a particle {ilter, to operating tempera-
ture or to regeneration temperature. Furthermore, SCR sys-
tems are known, which operate with selective catalytic reac-
tion and are equipped with an SCR catalytic converter, which
absorbs NOx from the exhaust gas stream.

To make possible the most space-saving design of the
exhaust system possible, the oxidation catalytic converter and
the SCR catalytic converter may be arranged 1n parallel next
to each other. The outlet-side end of the oxidation catalytic
converter and the mlet-side end of the SCR catalytic converter
are connected to one another 1n this case via a part of the
exhaust system called a funnel or mixing chamber such that
the exhaust gas flow 1s detlected by 90° each after the oxida-
tion catalytic converter and 1n front of the SCR catalytic
converter.

A suitable reducing agent, for example, ammonia or urea,
preferably an aqueous urea solution, 1s added as an educt to
the exhaust gas stream in the area of the mixing chamber
upstream of the SCR catalytic converter. The ammoma will
then bring about a conversion of the nitrogen oxides present
into nitrogen and water 1n the SCR catalytic converter.

It applies to all educts added 1n the liquid form to the
exhaust gas stream that the desired effect can only be obtained
satisfactorily 1f sufficient evaporation of the educt as well as
suificient mixing of the gaseous educt with the exhaust gas
stream can take place between the site at which the liquid
educt 1s introduced and a site at which the educt 1s consumed.
The mixing and/or evaporating means mentioned 1n the 1ntro-
duction are used for this purpose, which are arranged in the
flow path of the exhaust gas between the site at which the
educt 1s introduced and the site at which the educt 1s con-
sumed. However, only the relatively short mixing chamber
between the oxidation catalytic converter and the SCR cata-
lytic converter 1s available for the evaporation and mixing of
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2

the reducing agent in the above-described embodiment of the
exhaust system, which makes complete evaporation and mix-

ing of the reducing agent before entry into the SCR catalytic
converter difficult.

In addition, the reducing agent i1s usually added via a
nozzle, which introduces the reducing agent as an expanding,
conical jet into the exhaust gas stream. Part of the reducing
agent 1s not consequently moving exactly 1in the direction of
flow 1n the exhaust gas stream, but with a direction compo-
nent 1n the direction of the wall of the exhaust system. Since
the mixing chamber may have a relatively flat flow cross
section, this may cause droplets to hit the wall of the mixing
chamber and form a film on the wall before the reducing agent
1s evaporated. It 1s very difficult to return the reducing agent
from such a film on the wall 1nto the exhaust gas stream and
to evaporate and mix 1t. The formation of a film on the wall 1s
additionally also facilitated by the fact that the reducing agent
1s introduced into the exhaust gas stream directly behind the
oxidation catalytic converter in order to have the longest
possible tlow path available for evaporation and mixing of the
reducing agent. However, as was mentioned above, the
exhaust gas tlow 1s deflected by 90° 1n this area, as a result of
which centrifugal forces may additionally develop, which
may throw the droplets onto the wall of the mixing chamber.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide an
improved or at least different embodiment for a mixing and/or
evaporating device of the above-mentioned type or for an
exhaust system equipped therewith, which embodiment 1s
characterized by a simpler and therefore more 1nexpensive
design. In addition, improved mixing of the educt with the
exhaust gas as well as preventing of the formation of a film on
the wall shall, furthermore, be achieved.

According to the invention, a mixing and/or evaporating
device 1s provided for an exhaust system of an internal com-
bustion engine, especially of a motor vehicle. The device
includes a carrier which surrounds, in the circumiferential
direction, a flat cross section of the mixer/evaporator, through
which cross section flow 1s possible and which extends at
right angles to the axial direction of the mixer/evaporator. The
carrier has a first and a second, mutually opposite long side
walls and a first and a second, mutually opposite short side
walls. The short side walls connect each of the long side walls
to one another. A plurality of guide blades, which project in
the direction of the respective opposite long side wall and are
set at an angle 1n relation to the axial direction, are arranged at
one of the long side walls at at least one axial end. An axial end
of the first long side wall 1s oflset 1n the axial direction by a
distance 1n relation to the axial end of the second long side
wall, which latter axial end 1s arranged on the same side of the
mixer/evaporator 1n the axial direction.

The present invention 1s based on the general 1dea of equip-
ping the mixing and/or evaporating means (device) with a
carrier, which encloses 1n the circumferential direction a flat
cross section of the mixer/evaporator, through which flow 1s
possible, and extends at a right angle to the axial direction of
the mixer/evaporator. Thus, the carrier does not define a round
cross section, but an elongated or flat cross section, such that
the carrier has two long side walls located opposite each other
and two short side walls located opposite each other, wherein
the short side walls connect the two long side walls to one
another. Due to the design of the carrier as proposed accord-
ing to the present mvention with a flat cross section, 1t 1s
possible to arrange a plurality of guide blades, which project
in the direction of the other long side wall and are set at a pitch
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angle 1n relation to the axial direction, next to each otherin a
row at at least one axial end of a long side wall. The guide
blades extend at right angles to the axial direction and are also
arranged next to each other at a right angle to the axial direc-
tion and also at a right angle to their longitudinal direction due
to this mode of construction. The axial direction of the mixer/
evaporator extends 1n parallel to a principal direction of flow
of the exhaust gas through the mixer/evaporator. This princi-
pal direction of flow does not take 1into account flow detlec-
tions, cross flows, backflows, turbulences and the like within
the cross section through which tlow 1s possible. Thus, a row
ol guide blades, which are arranged next to each other, espe-
cially extend 1n parallel to each other and which each bring
about a flow deflection 1n the direction of a short side wall, 1s
thus made available at an axial end of the respective long side
wall. The long side walls extend to different extension the
axial direction, as a result of which a stepped arrangement of
the axial ends of the long side walls 1s obtained.

The mixing and/or evaporating device can be very well
adapted 1n this manner to flow processes prevailing in the
mixing chamber, as they may occur, for example, due to the
90° deflection. Furthermore, different types of injection of
reducing agent can be taken into account with this arrange-
ment.

Corresponding to an especially advantageous embodi-
ment, the incoming flow-side axial end of the second long
side wall 1s offset 1n relation to incoming tlow-side axial end
of the first long side wall 1n the axial direction against the
direction of flow, 1.e., downstream of the rear-side axial end of
the first long side wall.

The different length of the long side walls 1n the axial
direction on the incoming tlow side, 1.¢., the side facing the
oxidation catalytic converter, leads to a stepped design of the
mixing and/or evaporating device on this side. The incoming,
flow-side end of the mixing and/or evaporating device can be
positioned as a result 1n relation to the oxidation catalytic
converter such that even though a part of the mixing and/or
evaporating device 1s arranged 1n front of the discharge area at
the end of the oxidation catalytic converter, which end points
away from the flow, 1t 1s located at a spaced location from this
in the longitudinal direction of the oxidation catalytic con-
verter. The incoming flow side of the mixing and/or evapo-
rating device can thus be arranged closer to the means for
introducing the reducing agent without reducing the flow
cross section at the discharge-side end of the oxidation cata-
lytic converter.

Corresponding to another advantageous embodiment, the
discharge-side axial end of the second long side wall 1s offset
in relation to the discharge-side axial end of the first long side
wall 1n the axial direction in the direction of flow.

Depending on the manner in which the reducing agent 1s
introduced and depending on the tlow conditions, accumula-
tion of the reducing agent may occur at a wall of the mixing,
chamber facing away from the oxidation catalytic converter
and the SCR catalytic converter, 1.e., at an outer wall of said
mixing chamber, or at a wall of the mixing chamber facing the
ox1idation catalytic converter and the SCR catalytic converter,
1.€., at an inner wall of said mixing chamber. The course of the
flow can be influenced at a site located farther downstream at
the wall of the mixing chamber located outside by displacing
the discharge-side axial end of the second low side wall 1n the
direction of tlow, as a result of which mixing of the reducing
agent with the exhaust gas stream can be achieved again at the
wall located on the outside 1n the vicinity of the SCR catalytic
converter.

According to another advantageous embodiment, the dis-
charge-side axial end of the first long side wall 1s offset 1n
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relation to the discharge-side axial end of the second long side
wall 1n the axial direction 1in the direction of flow, 1.e., 1t 1S
arranged downstream of the rear axial end of the first long side
wall.
T'he course of the flow at a site located father downstream
at the mner wall of the mixing chamber can be influenced by
displacing the discharge-side axial end of the first long side
wall 1n the direction of flow. As a result, mixing of the reduc-
ing agent with the exhaust gas stream can be achieved again at
the inner wall 1n the vicinity of the SCR catalytic converter.

A plurality of guide blades, which project in the direction
ol the respective opposite side wall and are set at an angle 1n
relation to the axial direction, are arranged 1n another advan-
tageous embodiment at the first and/or second long side wall
at an mncoming flow-side axial end.

In case of a stepped design of the mixing and/or evaporat-
ing device on the incoming flow side as described above, this
mixing and/or evaporating device can be arranged, as
described, partly in front of the discharge opening of the
oxidation catalytic converter without narrowing the flow
cross section on the discharge side of the oxidation catalytic
converter. In case of guide blades arranged on the incoming
flow side, this means that a row of guide blades can be
arranged closer to the means for introducing the reducing
agent without reducing the flow cross section at the dis-
charge-side end of the oxidation catalytic converter. The for-
mation of a film on the wall can thus be prevented and very
carly size reduction of the droplets of reducing agent into finer
droplets can take place. On the whole, the row of guide blades
arranged farthest upstream 1s thus arranged closer to the
nozzle of the reducing agent feed means, as a result of which
the reducing agent droplets reach the guide blades of the
mixing and/or evaporating device before they can reach the
wall. In particular, the reducing agent 1s divided by the guid
blades into finer droplets, which can thus follow the course of
the flow more easily and can be evaporated better than coarser
droplets.

According to another advantageous embodiment, a plural-
ity of guide blades, which project in the direction of the
respective opposite long side wall and are set at an angle 1n
relation to the axial direction, are arranged at the first and/or
second long side wall.

Intensive mixing and evaporation of reducing agent drop-
lets already divided into finer droplets by the guide blades
arranged farther upstream can take place if guide blades are
arranged at the discharge-side end of the mixing and/or
evaporating device.

In another advantageous embodiment, the guide blades are
arranged at a right angle to the axial direction along at least
one long side wall at an axial end such that the guide blades
located closest to the short side walls have a greater distance
in the axial direction from the opposite axial end of this long
side wall than the guide blades arranged farther away from the
short side walls at a right angle to the axial direction.

On the whole, an approximately concave arrangement of
the guide blades along a radius or an approximately concave
impingement surface 1s obtained for reducing agent droplets
from the sum of the guide blade surfaces on the incoming flow
side due to such an arrangement of the guide blades of a long
side wall 1n relation to one another. On the whole, a larger
impingement surface or flow guide surface 1s thus obtained 1n
the mixing and/or evaporating device at a constant flow cross
section.

According to another advantageous embodiment, the
guide blades are arranged at a right angle to the axial direction
in relation to one another along at least one long side wall
such that the guide blades located closer to the short side walls
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have a shorter distance 1n the axial direction from the opposite
axial end of this long side wall than do the guide blades
arranged farther away from the short side walls ataright angle
to the axial direction.

Due to such an arrangement of the guide blades of a long
side wall 1n relation to one another, an approximately convex
arrangement of the guide blades along a radius or an approxi-
mately convex impingement surface 1s obtained, on the
whole, from the sum of the guide blade surfaces on the incom-
ing flow side. On the whole, a larger impingement surface or
flow guide surface 1s thus obtained 1n the mixing and/or
evaporating device at constant flow cross section.

The distance 1n axial direction from the guide blades at an
axial end of the first long side wall to the opposite axial end of
the first long side wall 1s greater 1n another advantageous
embodiment 1n case of guide blades that are arranged closer to
the first short side wall than 1n case of guide blades that are
arranged closer to the second short side wall, and the distance
in axial direction from the guide blades at an axial end of the
second long side wall to the opposite axial end of the second
long side wall 1s shorter in case of guide blades that are
arranged loser to the first short side wall than 1n case of guide
blades that are arranged loser to the second short side wall.

Due to this arrangement, the row of guide blades of the first
long side wall extends from the first short side wall linearly or
concavely along aradius obliquely 1n the direction of flow and
the row of guide blades of the second long side wall extends
from the first short side wall linearly or concavely along a
radius obliquely against the direction of flow. Taking the flow
conditions 1n the mixing chamber and the manner 1n which
the reducing agent 1s introduced 1nto account, the distance of
the individual guide blades can be selected as a result to be
such that the smallest possible quantity of reducing agent will
reach the wall of the mixing chamber and very good mixing of
the reducing agent will take place.

According to another advantageous embodiment, the flat
cross section, through which tlow 1s possible, has a first width
in a first direction extending at a right angle to the axial
direction that 1s greater than a second width in a second
direction extending at a right angle to the axial direction and
at a right angle to the first direction.

The flat cross section of the mixing and/or evaporating
device makes 1t possible to arrange the guide blades at a night
angle to the axial direction 1n a row next to each other, as a
result of which a large-area lateral deflection of the flow 1n the
direction of one of the short side walls 1s possible. The 1ntro-
duction of the reducing agent into the exhaust gas stream
takes place after the flow 1s discharged from the oxidation
catalytic converter, 1.e., 1n an area in which the flow 1is
deflected 1n the mixing chamber by 90°. Deflection 1n a direc-
tion that 1s at a right angle thereto, 1.¢., 1n the direction of the
short side walls, thus make possible a highly effective mixing
of the reducing agent with the exhaust gas stream, because
deflection of the flow takes place 1n two directions that are at
a right angle to one another.

An exhaust system according to the present invention for
an 1internal combustion engine, especially of a motor vehicle,
comprises at least one SCR catalytic converter, a reducing
agent feed means, which has at least one 1injector for feeding
a reducing agent to the exhaust gas stream upstream of the
SCR catalytic converter, with at least one mixing and/or
evaporating device, which 1s arranged between the at least
one injector and the at least one SCR catalytic converter.

It1s apparent that the above-mentioned features, which waill
also be explained below, can be used not only 1n the particular
combination indicated, but also other combinations or alone,
without going beyond the scope of the present invention.
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Preferred exemplary embodiments of the present invention
are shown 1n the drawings and will be explained 1n more detail
in the following description, where 1dentical reference num-
bers designate i1dentical or similar or functionally i1dentical
components. The various features of novelty which charac-
terize the ivention are pointed out with particularity in the
claims annexed to and forming a part of this disclosure. For a
better understanding of the invention, 1ts operating advan-
tages and specific objects attained by 1ts uses, reference 1s
made to the accompanying drawings and descriptive matter in
which preferred embodiments of the invention are 1llustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 11s a highly simplified, block diagram-like schematic
view of an internal combustion engine with an exhaust sys-
tem;

FIG. 2 1s a simplified sectional view of an oxidation cata-
lytic converter and with an SCR catalytic converter, which are
connected to one another via a mixing chamber, as well as a
view ol a mixing and/or evaporating device arranged 1n the
mixing chamber;

FIG. 3 1s a highly simplified sectional view of an oxidation
catalytic converter, with an SCR catalytic converter and with
a mixing chamber, as well as with an introduction device with
a conical jet of reducing agent shown schematically and with
a mixing and/or evaporating device;

FIG. 4 15 a perspective view of another embodiment of the
mixing and/or evaporating device;

FIG. 35 1s a top view of the embodiment shown 1n FIG. 4;

FIG. 6 1s another perspective view of the embodiment
shown 1n FIG. 4;

FIG. 7 shows another perspective view of the embodiment
shown 1n FIG. 4;

FIG. 8A 1s a sectional view of the exhaust system, which
shows an embodiment of the mixing and/or evaporating
device;

FIG. 8B 1s a sectional view of the exhaust system, which
shows another embodiment of the mixing and/or evaporating
device;

FIG. 8C 1s a sectional view of the exhaust system, which
shows still another embodiment of the mixing and/or evapo-
rating device; and

FIG. 9 1s a simplified sectional view 1 which another
embodiment of the exhaust system 1s shown, in which the
oxidation catalytic converter, the mixing chamber and the
SCR catalytic converter are arranged linearly 1n a row.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the drawings in particular, corresponding to
FIG. 1, an internal combustion engine 1 comprises in the
usual manner an engine block 2, which has a plurality of
cylinders 3. A fresh air feed unit 4 supplies the cylinders 3 of
the engine block 2 with fresh atr.

A corresponding fresh air stream 1s indicated by an arrow
29. An exhaust system 5 removes combustion exhaust gases
from the cylinders 3 of the engine block 2 during the opera-
tion of the internal combustion engine 1. Furthermore, the
exhaust system 3 brings about exhaust gas cleaning and
exhaust gas treatment.

The exhaust system 3 1s equipped for this with at least one
diesel oxidation catalytic converter 6 and with an SCR cata-
lytic converter 7, which are integrated into an exhaust gas line
8 of the exhaust system 5. To make a space-saving embodi-
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ment possible, a U-shaped arrangement of diesel oxidation
catalytic converter 6 and SCR catalytic converter 7 may be
provided. The diesel oxidation catalytic converter 6 and the
SCR catalytic converter 7 are arranged 1n this case next to
cach other such that their longitudinal axes extend 1n parallel
to each other. The flow 1n the diesel oxidation catalytic con-
verter 1s opposite to that in the SCR catalytic converter 7. The
discharge-side end of the diesel oxidation catalytic converter
6, 1.c., the end from which the exhaust gas stream leaves the
diesel oxidation catalytic converter 6, and the incoming tlow-
side end of the SCR catalytic converter 7, 1.¢., the end 1nto
which the exhaust gas stream enters the SCR catalytic con-
verter, are connected to one another via a so-called funnel and
a mixing chamber 13. Detlection of the exhaust gas stream
alter discharge from the diesel oxidation catalytic converter 6
by 90° takes place 1n this mixing chamber 13 and a repeated
deflection of the exhaust gas stream by 90° takes place before
it enters the SCR catalytic converter 7.

The SCR catalytic converter 7 may also be designed as a
particle filter or diesel particle filter, which 1s provided with a
corresponding coating. The exhaust system 5 comprises, fur-
thermore, a reducing agent feed means 9, which has at least
one mnjector 10 or a tube 10, by means of which a reducing
agent can be introduced 1nto an exhaust gas stream 11, which
flows 1n the exhaust gas line 8 during the operation of the
internal combustion engine 1 and 1s indicated by arrow (11).
The hiquid reducing agent 1s 1njected 1n this case into the

exhaust gas stream 11 upstream of the SCR catalytic con-
verter 7.

The exhaust system 5 comprises, furthermore, a mixing
and/or evaporating device 12, which will heremnatter be called
mixer/evaporator 12 for short. Mixer/evaporator 12 1s
arranged 1n the mixing chamber 13 between the injector 9 and
the SCR catalytic converter 7, so that the exhaust gas with the
reducing agent added must first flow through mixer/evapora-
tor 12 before the mixture can tlow into the SCR catalytic
converter 7.

As 1s shown 1 FIGS. 4 and 5, mixer/evaporator 12 com-
prises a sheet metal plate 14, which 1s made, for example,
from ferritic or austenitic steel and whose ends 15 are bent
and fitted together at a connection site 16 such that a flat cross
section or carrier 20, through which flow 1s possible, 1s
formed, for example, 1n the manner of a square tube. The
direction of flow 33 through this cross section 1s parallel to an
axial direction 17 of the tube.

A “flat” cross section, through which flow 1s possible, as
was described above, 1s characterized 1n that 1t has a first
width 30 or diameter (dimension) in a first direction extend-
ing at a right angle to the axial direction 17 that 1s greater than
a second width 31 or a diameter (dimension) 1n a second
direction 19 extending at a right angle to the axial direction 17
and at a right angle to the first direction 18. In particular, the
diameter in one of the directions may be at least double that 1n
the other direction. Round cross sections are excluded hereby,
while oval and elliptical cross sections are or may likewise be
flat. The terms “long” and “short™ are defined here as being
relative 1n relation to one another rather than in absolute
terms, so that the long side walls 1n the circumierential direc-
tion are longer than the short side walls. Depending on the
geometry of the cross section of the means, through which
cross section tlow 1s possible, the long side walls are advan-
tageously straight, while the short side walls may be curved.

Since the cross section of mixer/evaporator 12, through
which cross section tlow 1s possible, 1s flat, carrier 20 has two
long side walls 21, 22, which are located opposite each other,
as well as two short side walls 23, 24, which are likewise
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located opposite each other. The short side walls 23, 24 each
connect the two long side walls 21, 22.

Furthermore, mixer/evaporator 12 1s equipped with a plu-
rality of guide blades 25, which project each from one of the
long side walls 21, 22 1n the direction of the other long side
wall 212, 22 and project at an axial end 26 or 27 of mixer/
evaporator 12 or of carrier 20 or of the respective long side
wall 21, 22. If the exhaust gas tlow 1s oriented corresponding
to arrow 33, one axial end, which 1s the first end to be reached
by the flow, forms an incoming tlow side 26, which will
likewi1se be designated by 26 below, while the other axial end
27 will form a discharge side 27, which will likewise be
designated by 27 below.

The guide blades 25 extend each straight as well as 1n
parallel to one another. Furthermore, the guide blades 25 are
planar in the embodiments being shown here. In addition,
they are set at an angle 1n relation to the axial direction 17. A
pitch angle of the guide blades 25 1n relation to the axial
direction 1s 45° within the framework of usual manufacturing
tolerances 1n the examples being shown.

The guide blades 235 extend at a right angle to the axial
direction 17 and are arranged, 1n addition, next to each other
at a right angle to their longitudinal extension and at a right
angle to the axial direction 17 in a row, which can also be
called a row of blades 28.

Provisions are made in the embodiments according to
FIGS. 4-7 for guide blades 25, which project 1n the direction
of the other long side wall 21, 22, to be arranged at both long
side walls 21, 22 at at least one axial end 26, 27. As a result,
two rows of blades 28, which are arranged next to each other
and extend in parallel to one another, are arranged 1n the
embodiments being shown here at the respective axial end 26,
27, 1.e., on the incoming flow side 26 and at the discharge side
277. The guide blades 25 located mutually opposite each other
are dimensioned here, for example, such that they extend
starting from the corresponding long side wall 21, 22 to a
central longitudinal plane, which extends centrally between
the two long side walls 21, 22. As an alternative, embodi-
ments 1n which rows of guide blades 28 may be arranged at
one long side wall 21 or at one axial end 26 only are conce1v-
able as well.

In another alternative embodiment, the guide blades 25 of
the two long side walls 21, 22 may extend 1n the direction of
the other side wall 21, 22 to the extent that the guide blades 25
of one long side wall 21 protrude into the gaps between
adjacent guide blades 25 of the other side wall 22, so that a
common row ol guide blades 28 1s ultimately formed, which
1s formed by the guide blades 235 of the two long side walls 21,
22, with the guide blades 25 of the two long side walls 21, 22
alternating within this common row of guide blades 28.

The guide blades 23 are arranged and dimensioned 1n the
embodiments being shown here such that, located at spaced
locations from the respective long side wall 21, 22, from
which they start out, they are in a detached manner and have
a Iree end 31. Thus, the guide blades 25 of the embodiments
being shown have especially no contact with the respective
opposite long side wall 21, 22 and have no contact with the
other guide blades 25.

If, as can be recognized 1n the embodiment according to
FIGS. 4-7, gmide blades 25 are provided at both axial ends 26,
277, these may be set by an angle a either in the same direction
or opposite the axial direction 17. The guide blades 235, which
are arranged at the same axial end 26, 27 but at opposite long
side walls 21, 22, are set at an angle opposite the axial direc-
tion 17 1n the embodiments being shown. In other words, the
guide blades 25 of one row of blades 28, which 1s formed at
one of the long side walls 21 on the incoming tlow side 26
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and/or on the discharge side 27, 1s set at a pitch angle opposite
the guide blades 25 of the other row of blades 28, which 1s
formed at the other long side wall 22.

Ascan be seen 1n FIGS. 2 and 3, the side walls 21, 22 do not
have all the same height 1n the axial direction. Thus, a first
long side wall 21 extends essentially to a defined height h, 1n
the axial direction, whereas a second long side wall 22
extends to a greater height h, in the axial direction compared
to the first long side wall. The first long side wall 21 and the
second long side wall 22 consequently differ in their heights
by a distance d. As 1s shown, for example, in FIG. 2, a mixing
zone 34, 1n which intensive mixing of the reducing agent with
the exhaust gas stream 1s brought about by the guide blades
25, extends adjacent to) the row of guide blades 28 located
farther away upstream.

Since the rows of guide blades 28 are arranged at the axial
ends 26, 27, a stepped arrangement of the rows of guide
blades 28 1in relation to one another 1s thus obtained especially
at the incoming flow-side axial end 26, with the step height
corresponding to the distance d. Particles or droplets being
entrained with the exhaust gas flow, e.g., mjected reducing
agent 32, will thus reach the row of guide blades 28 arranged
at the second long side wall 22 sooner than the row of guide
blades 28 arranged at the first long side wall 21.

The short side walls 23, 24 do not extend 1n the embodi-
ment shown 1n FIGS. 4 through 7 to a uniform height in the
axial direction, a first short side wall 23 having a uniform
height and a second short side wall 24 at the transition to the
first long side wall 21 having a smaller height at the transition
to the second long side wall 22 1n the exemplary embodiment
being shown.

Furthermore, the rows of guide blades 28 do not extend in
a straight line. The guide blades 25 are not consequently all
arranged at the same height in relation to the axial direction 17
but offset 1n relation to one another 1n the axial direction 17.
More precisely, the guide blades 25 arranged at the incoming
flow-side axial ends of each side wall form rows of guide
blades 28, which are bent by a radius r and which are each
bent about axes extending at aright angle to the axial direction
17 and at a right angle to the long side walls 21, 22. The bend
of the rows of guide blades 28 extends concavely in relation to
mixer/evaporator 12, 1.e., the incoming flow-side guide
blades 25 of the respective long side wall 21, 22 are arranged
in relation to one another at a right angle to the axial direction
such that the guide blades located closest to the short side
walls 23, 24 have a greater distance in the axial direction 20
from the opposite, discharge-side axial end 26, 27 of this long
side wall than do the guide blades 25 located at a greater
distance from the short side walls at a right angle to the axial
direction 20. However, bending of the rows of guide blades 28
that extends convexly 1n relation to the mixer/evaporator 12
would also be concervable. It 1s possible due to this arrange-
ment to arrange more guide blades 23 or a larger impingement
surface of the guide blades 25 1n the exhaust gas stream at
constant cross section of the carrier, through which said cross
section tlow 1s possible.

Furthermore, the rows of guide blades 28 of the respective
long side wall 21, 22 are not arranged next to each other but
extend spread out 1n relation to one another in the manner of
scissors. This means that the distance 1n the axial direction 17
from the guide blades 25 at the incoming tlow-side axial end
26 of the first long side wall 21 to the opposite, 1.e., discharge-
side axial end 27 of the first long side wall 21 1s greater 1in case
of guide blades that are arranged closer to the first short side
wall 23 than 1n case of guide blades 235 that are arranged closer
to the second short side wall 24. By contrast, the distance in
axial direction 17 from the guide blades 23 at the incoming
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flow-side axial end 26 of the second long side wall 22 to the
opposite axial end 27 of the second long side wall 22 1s shorter
in case of guide blades 25 that are arranged loser to the first
short side wall 23 than in case of guide blades 25 that are
arranged closer to the second short side wall 24.

Carrier 20 1s a shaped sheet metal part, which integrally
comprises the four side walls 21, 22, 23, 24, 1n the exemplary
embodiments described. Furthermore, the guide blades 25 are
formed integrally at the respective long side wall 21, 22, so
that the complete mixer/evaporator 12 1s manufactured ulti-
mately from a single shaped sheet metal part. The manufac-
ture may be carried out from an elongated, strip-shaped sheet
metal blank, 1n which the guide blades 25 are cut free at first.
The guide blades 25 can subsequently be bent at an angle.
Finally, the sheet metal strip can be bent corresponding to the
flat cross section of the mixer/evaporator 12, through which
flow 1s possible, 1n order to form the long and short side walls
21, 22, 23, 24 of the carrier 20. The longitudinal ends of the
blank may be fastened to one another at the one short side wall

23 corresponding to a connection seam.

FIGS. 8 A through 8 C schematically show a plurality of
turther embodiments of mixer/evaporator 12 1n the installed
state, which differ from each other essentially by the different
heights of the long side walls 21, 22. Dafferent types of
injection of reducing agent and different tlow conditions 1n
the mixing chamber can be taken 1into account by means of the
embodiments described below.

FIG. 8 A shows an embodiment 1n which the first long side
wall 21 extends on the incoming flow side up to the oxidation
catalytic converter 6. The second long side wall 22 extends, as
in the first embodiment described, farther against the direc-
tion of flow on the incoming flow side than does the first long
side wall 21, as a result of which the row of guide blades 28
arranged at the second long side wall 22 slightly overlaps 1n
the projection the discharge area of the oxidation catalytic
converter 6. However, this row of guide blades 28 1s located at
a spaced location from the oxidation catalytic converter 6 1n
the longitudinal direction of the oxidation catalytic converter,
so that the flow cross section 1s not reduced on the discharge
side of the oxidation catalytic converter 6. However, the two
long side walls 21, 22 do not extend 1n this embodiment up to
the same height 1n the direction of flow as 1n the first embodi-
ment. The first long side wall 21 rather extends farther in the
direction of flow 1n this embodiment than the second long side
wall 22, as a result of which a stepped arrangement of the
rows ol guide blades 28 arranged at both long side walls 21,
22 15 obtained on the discharge side. The discharge-side row
of guide blades 28 arranged at the first long side wall 21 1s
arranged closer to the SCR catalytic converter 7 in this
embodiment than the row of guide blades 28 arranged on the
discharge side at the second long side wall 22.

The mmcoming flow-side axial ends of the long side walls
21, 22 are designed in the embodiment shown in FIG. 8 B as
in the embodiment shown 1in FIG. 8A. However, the second
long side wall 22 extends farther in the direction of flow on the
discharge side 1n this embodiment than the first long side wall
21. Thus, a stepped arrangement of the rows of guide blades
28 arranged at the discharge-side axial ends of the long side
walls 21, 22 1s likewise obtained 1n this embodiment, and the
row ol guide blades 28 arranged at the second long side wall
22 on the discharge side 1s arranged closer to the SCR cata-
lytic converter 7 than the row of guide blades 28 arranged at
the first long side wall 21 on the discharge side.

The mmcoming flow-side axial ends of the long side walls
21, 22 are designed 1n the embodiment shown 1n FIG. 8 C,
contrary to the embodiments described so far, such that they
extend to an equal height 1n the direction of tlow. The two
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axial ends of the long side walls 21, 22 terminate at the height
of the discharge area of the oxidation catalytic converter, as a
result of which no stepped arrangement of the rows of guide
blades 28 1s formed on the incoming tlow side. This embodi-
ment 1s the same as the embodiment shown 1n F1G. 8 A on the
discharge side.

FIG. 9 shows another embodiment, in which the exhaust
gas tlow 1s not deflected between the oxidation catalytic con-
verter and the SCR catalytic converter. The oxidation cata-
lytic converter, the mixing chamber and the SCR catalytic
converter are arranged, instead, linearly in a row. The reduc-
ing agent 1s thus introduced 1n a section 1n which the tlow 1s
straight. The reducing agent must correspondingly be intro-
duced at an angle to the direction of flow, 1.¢., obliquely to this
direction. To achieve that the reducing agent will be distrib-
uted over a large area over the tlow angle, a steeper introduc-
tion angle 1s advantageous. However, if the introduction angle
1s too steep, there 1s a risk that reducing agent 32 will reach a
wall located opposite the reducing agent feed means 9 and
will form a film on the wall. As 1n the above-described
embodiment, mixer/evaporator 12 1s designed such that the
rows of guide blades 28 are offset in relation to one another in
the axial direction 33. The row of guide blades 28 arranged
tarther upstream can thus be arranged such that 1t 1s located
opposite the reducing agent feed means 9. Reducing agent 32
that would reach the wall of the mixing chamber 1n case of an
excessively steep introduction angle will thus reach the
upstream row of guide blades 28 and 1s fed into the exhaust
gas stream.

Even though certain elements, embodiments and applica-
tions of the present invention have been shown and described,
it 1s obvious that the present invention 1s not limited to these
and the person skilled 1n the art can make modifications
without departing from the scope of validity of the present
disclosure, especially regarding the above teaching.

While specific embodiments of the invention have been
shown and described 1n detail to i1llustrate the application of
the principles of the mnvention, 1t will be understood that the
invention may be embodied otherwise without departing
from such principles.

What 1s claimed 1s:

1. A device for an exhaust system of an internal combustion
engine ol a motor vehicle, the device comprising:

a carrier which surrounds, 1n a circumfierential direction, a
flat cross section of the device, through which cross
section exhaust gases flow, the cross section extending at
aright angle to an axial direction of the device, said axial
direction being parallel to a direction of the exhaust
gases flow, the carrier comprising:

a first long side wall;

a second long side wall, the first long side wall and the
second long side wall being mutually opposite long side
walls;

a first short side wall;

a second short side wall, the first short side wall and the
second short side wall being mutually opposite short
side walls, wherein the short side walls connect each of
the long side walls to one another; and

a plurality of gmide blades, which project 1n a direction of
a respective opposite long side wall and are set at an
angle 1n relation to the axial direction, arranged at one of
the long side walls at at least one axial end thereof,
wherein an axial end of the first long side wall 1s offset in
the axial direction by a distance in relation to an axial
end of the second long side wall and the axial end of the
second long side wall 1s arranged on the same side of the
device 1n the axial direction as the axial end of the first

10

15

20

25

30

35

40

45

50

55

60

65

12

long side wall, wherein an incoming tflow-side axial end
of the second long side wall 1s offset by the distance
against the direction of flow 1n the axial direction 1n
relation to an incoming flow-side axial end of the first
long side wall, said one of the long side walls extending
between said first short side wall and said second short
side wall, each of said plurality gmide blades being con-
nected to said axial end at a position along a length of
said axial end, each of said plurality guide blades being,
located at a spaced location from another one of said
plurality of guide blades.

2. A device for an exhaust system 1n accordance with claim

1, wherein the guide blades are arranged 1n relation to one
another at a right angle to the axial direction along at least one
long side wall at an axial end such that the gmde blades
located closest to the short side walls have a greater distance
in the axial direction from the opposite axial end of the at least
one long side wall than do the guide blades arranged at a
greater distance from the short side walls at aright angle to the
axial direction.

3. A device for an exhaust system 1n accordance with claim

2, wherein a discharge-side axial end of the second long side
wall 1s offset by the distance in the axial direction in relation
to a discharge-side axial end of the first long side wall, said
plurality of guide blades being integrally connected to said at
least one axial end of said one of the long side walls, wherein
said plurality of guide blades extend directly from said at least
one axial end of said one of the long side walls, said first long
side wall and said second side long wall being planar side
long walls.

4. A device for an exhaust system 1n accordance with claim

2, wherein a discharge-side axial end of the first long side wall
1s oifset by a distance 1n the direction of flow 1n relation to a
discharge-side axial end of the second long side wall 1n the
axial direction.

5. A device for an exhaust system 1n accordance with claim

2, wherein the plurality of guide blades, which project 1n the
direction of the respective opposite long side wall and are set
to an angle 1n relation to the axial direction, are arranged at the
first and/or second long side wall at an incoming flow-side
axial end.

6. A device for an exhaust system 1n accordance with claim

2, wherein the plurality of guide blades, which project in the
direction of the respective opposite long side wall and are set
at an angle inrelation to the axial direction, are arranged at the
first and/or second long side wall at a discharge-side axial
end.

7. A device for an exhaust system 1n accordance with claim

1, wherein the guide blades are arranged, 1n relation to one
another, at aright angle to the axial direction along at least one
long side wall at an axial end such that the guide blades
located closest to the short side walls have a greater distance
in the axial direction from the opposite axial end of the at least
one long side wall than do the guide blades arranged at a
greater distance from the short side walls at aright angle to the
axial direction.

8. A device for an exhaust system 1n accordance with claim

2, wherein:

a distance 1n the axial direction from the guide blades at an
axial end of the first long side wall to an opposite axial
end of the first long side wall 1s greater 1n case of guide
blades arranged closer to the first short side wall than 1n
case of guide blades arranged closer to the second short
side wall; and

a distance 1n the axial direction from the guide blades at an
axial end of the second long side wall to the opposite
axial end of the second long side wall 1s shorter in case
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of guide blades arranged closer to the first short side wall
than 1in case of guide blades arranged loser to the second
short side wall.

9. A device for an exhaust system 1n accordance with claim
2, wherein the flat cross section, through which exhaust gas-
ses flow, has a first width 1n a first direction extending at a
right angle to the axial direction that 1s greater than a second
width 1n a second direction extending at a right angle to the
axial direction and at a right angle to the first direction.

10. An exhaust system for an internal combustion engine of
a motor vehicle, the exhaust system comprising:

an SCR catalytic converter;

a reducing agent feed means, which has at least one mjec-
tor, for feeding a reducing agent to the exhaust gas
stream upstream of the SCR catalytic converter; and

a device arranged between the at least one 1njector and the
SCR catalytic converter, the device comprising a carrier
which surrounds, 1n a circumferential direction, a flat
cross section of the device, through which cross section
exhaust gases flow, the cross section extending at a right
angle to an axial direction of the device, said axial direc-
tion being parallel to a direction of the exhaust gases
flow, the carrier comprising:

a first long side wall;

a second long side wall, the first long side wall and the
second long side wall being mutually opposite long side
walls;

a first short side wall;

a second short side wall, the first short side wall and the
second short side wall being mutually opposite short
side walls, wherein the short side walls connect each of
the long side walls to one another; and

a plurality of gmide blades, which project 1n a direction of
a respective opposite long side wall and are set at an
angle 1n relation to the axial direction, arranged at one of
the long side walls at at least one axial end thereof,
wherein an axial end of the first long side wall 1s offset in
the axial direction by a distance in relation to an axial
end of the second long side wall and the axial end of the
second long side wall 1s arranged on the same side of the
device 1n the axial direction, as the axial end of the first
long side wall, wherein an incoming flow-side axial end
of the second long side wall 1s offset by the distance
against the direction of flow 1n the axial direction 1n
relation to an mcoming tlow-side axial end of the first
long side wall, said one of the long side walls extending
between said first short side wall and said second short
side wall, each of said plurality guide blades being con-
nected to said axial end at a position along a length of
said axial end, each of said plurality guide blades being
located at a spaced location from another one of said
plurality of guide blades.

11. An exhaust system i1n accordance with claim 10,
wherein the guide blades are arranged, in relation to one
another, along a direction that 1s at a right angle to the axial
direction and guide blades located closest to the short side
walls have a greater distance 1n the axial direction from the
opposite axial end than guide blades arranged at a greater
distance from the short side walls.

12. An exhaust system i1n accordance with claim 11,
wherein the same side of the device 1s a discharge-side axial
end, said plurality of guide blades being integrally connected
to said at least one axial end of said one of the long side walls,
said long side walls being flat long side walls.

13. An exhaust system in accordance with claim 11,
wherein the same side of the device 1s an incoming flow-side
axial end, said axial end comprising an axial edge portion,
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cach of said plurality guide blades being integrally connected
to said axial end at a position along a length of said axial edge
portion, wherein each of said plurality of gmide blades extend
directly from said axial end, each of said plurality guide
blades being located at a spaced location from another one of
said plurality of guide blades.

14. An exhaust system in accordance with claim 10,

wherein:

a distance 1n the axial direction from the guide blades at an
axial end of the first long side wall to an opposite axial
end of the first long side wall 1s greater 1n case of guide
blades arranged closer to the first short side wall than 1n
case of guide blades arranged closer to the second short
side wall; and

a distance 1n the axial direction from the guide blades at an
axial end of the second long side wall to the opposite
axial end of the second long side wall 1s shorter in case
of guide blades arranged closer to the first short side wall

than 1n case of guide blades arranged closer to the second
short side wall.

15. A device for an exhaust system of an internal combus-
tion engine, the device comprising:

a carrier which surrounds, 1n a circumferential direction, a
flat device cross section having a first long side dimen-
s1on, 1n a {irst direction, extending at a right angle to the
axial direction, that 1s greater than a second short side
dimension in a second direction at a right angle to the
axial direction, exhaust gases flowing through the cross
section during operation, the cross section extending at a
right angle to an axial direction of the device, said axial
direction being parallel to a direction of a flow of the
exhaust gases, the carrier comprising:

a first long side wall;

a second long side wall, the first long side wall and the
second long side wall being mutually opposite long side
walls:

a first short side wall:

a second short side wall, the first short side wall and the
second short side wall being mutually opposite short
side walls, wherein the first short side wall connects the
first long side wall to the second long side wall and the
second short side wall connects the first long side wall to
the second long side wall; and

a plurality of guide blades, each guide blade extending
from at least one axial end of at least one of the first long
side wall and the second long side wall and being set at
an angle 1n relation to the axial direction, wherein an
axial end of the first long side wall 1s offset in the axial
direction by a distance 1n relation to an axial end of the
second long side wall on a same side of the device,
wherein an incoming tlow-side axial end of the second
long side wall 1s offset by the distance against the direc-
tion of flow 1n the axial direction in relation to an 1ncom-
ing flow-side axial end of the first long side wall, said
one of the long side walls extending between said first
short side wall and said second short side wall, each of
said plurality guide blades being connected to said axial
end at a position along a length of said axial end, each of
said plurality guide blades being located at a spaced
location from another one of said plurality of guide
blades.

16. A device for an exhaust system in accordance with
claim 15, wherein the guide blades are arranged, 1in relation to
one another, along a direction that 1s at a right angle to the
axial direction and guide blades located closest to the short
side walls have a greater distance 1n the axial direction from
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the opposite axial end than guide blades arranged at a greater
distance from the short side walls.

17. A device for an exhaust system 1n accordance with
claim 16, wherein the same side of the device 1s a discharge-
side axial end, each of said plurality guide blades being inte-
grally connected to said axial end at a position along a length
of said axial end, wherein each of said plurality of guide
blades extends directly from said axial end, each of said
plurality guide blades being located at a spaced location from
another one of said plurality of guide blades, each of said first
long side wall and said second long side wall being a planar
long side wall.

18. A device for an exhaust system in accordance with
claim 16, wherein the same side of mixing and/or evaporating
device 1s an incoming flow-side axial end, said plurality of
guide blades being integrally connected to said at least one
axial end of said one of the long side walls.

19. A device for an exhaust system 1n accordance with
claim 15, wherein:

a distance 1n the axial direction from the guide blades at an
axial end of the first long side wall to an opposite axial
end of the first long side wall 1s greater 1n case of guide
blades arranged closer to the first short side wall than in
case of guide blades arranged closer to the second short
side wall; and

a distance 1n the axial direction from the guide blades at an
axial end of the second long side wall to the opposite
axial end of the second long side wall 1s shorter 1n case
of guide blades arranged closer to the first short side wall
than 1n case of guide blades arranged loser to the second
short side wall.
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